IN Part III of this series [Roberts, 1939, 2] evidence was presented in favour of the view that the primary stage in the oxidative processes in tea fermentation was an enzymic oxidation of ascorbic acid. There was considerable experimental support for this view and the conception was in accord with Huszak's [1937] findings on the role of ascorbic acid oxidase in peroxidase plants. A mechanism for the fermentation process in tea was put forward, based on the assumption that ascorbic acid was the oxygen carrier in both normal respiration of the tea leaf and in the fermentation process. This mechanism proved quite satisfactorv in explaining the broad outlines of the process but subsequent work has revealed several inconsistencies which make the original mechanism untenable. These inconsistencies are considered below.
evidence was presented in favour of the view that the primary stage in the oxidative processes in tea fermentation was an enzymic oxidation of ascorbic acid. There was considerable experimental support for this view and the conception was in accord with Huszak's [1937] findings on the role of ascorbic acid oxidase in peroxidase plants. A mechanism for the fermentation process in tea was put forward, based on the assumption that ascorbic acid was the oxygen carrier in both normal respiration of the tea leaf and in the fermentation process. This mechanism proved quite satisfactorv in explaining the broad outlines of the process but subsequent work has revealed several inconsistencies which make the original mechanism untenable. These inconsistencies are considered below.
Objections to the ascorbic acid oxidase theory offermentation A consideration of the original fermentation mechanism shows that the R.Q. cannot possibly be less than 05 unless a large proportion of the dehydroascorbic acid is removed from the system before it can function as a hydrogen acceptor in carbohydrate oxidation. This latter possibility however would be incompatible with the continuation of the tea fermentation. As the R.Q. of the fermentation process in aqueous suspension is found experimentally to be 035-0 40 some adjustment of the previously published theory is clearly called for.
The variation of the fermentation rate, as measured manometrically, with the amount of tea leaf tissue suspended in the Warburg vessels cannot be reconciled with the ascorbic acid oxidase theory of fermentation. This phenomenon has already been referred to briefly [Roberts, 1939, 2] and will be considered in greater detail in the following communication. The effect is due probably to mass action effects, involving coenzymes and oxygen carriers, which result in variations in the concentration of the reduced form of the oxygen carrier undergoing the primary oxidation. This conclusion enables us to explain the variation in the rate of uptake with dilution of the tissue, if the concentrations of oxygen carrier in the reduced form are insufficient to saturate its specific oxidase. It ( 500 ) has been shown previously that addition of excess ascorbic acid has no effect on the initial rate of 02 uptake by fermenting tea leaf tissue, so that if ascorbic acid is the oxygen carrier in question, it must be present in high enough concentration to saturate its oxidase. Obviously one, at least, of these two hypotheses must be rejected.
In addition to these theoretical objections, there is now direct experimental evidence available which has shown that the oxidation of ascorbic acid does not precede that of the tannins during fermentation.
Tea leaf at the end of fermentation retains the greater part of its enzymic activity. This is deduced from the finding that addition of fresh substrate, in the form of a green leaf infusion, or as tea-tannin, results in a renewed 02 uptake at v'ery nearly the original rate [Roberts, 1939, 2; Harrison & Roberts, 1939] . Despite this, ascorbic acid is oxidized very slowly if added to fermented tea leaf, the rate of 02 uptake being much lower than that recorded at the beginning of fermentation as is shown in Table 1 . The failure to attain the original rate of 02 uptake is not due to inhibition of ascorbic acid oxidation by tannin fermentation products as this possibility has been excluded by separate controls. Addition of an infusion of fully fermented leaf has no inhibiting effect upon the rate of oxidation of ascorbic acid by freshly minced tea leaf.
Experiments were also carried out to investigate the rate of 02 uptake when ascorbic acid was added at various stages of fermentation. The results of one such experiment are shown in Fig. 1 .
Addition of ascorbic acid produces no significant acceleration in the rate of 02 uptake, but on the other hand this rate of uptake ceases to decrease with time, and is maintained for some time at the level prevailing at the time of addition of the ascorbic acid.
It is concluded from these experiments that ascorbic acid is oxidized by the primary oxidation product of tea tannin, o-Quinone + ascorbic acid --+ catechol + dehydroascorbic acid, so that when this product is largely removed from the system, by condensation, ascorbic acid is no longer oxidized. These results are completely at variance with the view that ascorbic acid oxidation precedes tannin oxidation, and must be taken as strong evidence against the ascorbic acid oxidase theory. In a private communication to the author, Lamb expressed doubts as to whether the ascorbic acid oxidase theory could apply to results obtained by him in Ceylon. Lamb [1937] had shown that enzyme preparations obtained by precipitating tea leaf juice with alcohol could bring about the oxidation of catechols and tea tannin directly. This was difficult to reconcile with the idea of ascorbic acid as the oxygen carrier in tea fermentation as Lamb's enzyme should be completely free from this substance. On the other hand, at the time when this criticism was made, it had been found impossible to confirm any of the Ceylon findings under Assam conditions.
The simplest explanation of the Ceylon findings would be that catechol oxidase was the enzyme concerned in tannin oxidation, but against this we have our previous results [Roberts & Sarma, 1938; Roberts, 1939, 1] which indicate that the presence of this enzyme in tea leaf is highly unlikely. ascorbic acid after 10, 20 and 30 min. shaking respectively. The thick black curve shows the course of 02 uptake by normally fermenting leaf without any addition of ascorbic acid. The uptakes plotted are the means of triplicates; each vessel contains 100 mg. minced tea leaf suspended in 3 ml. water.
A further difference of opinion arose when our first attempts at Tocklai to confirm Sreerangachar's results proved fruitless. Sreerangachar [1939] claimed that, after treatment of tea-leaf with acetone, and exhaustive washing of the residue with phosphate buffer, a considerable amount of "endo-enzyme" remained firmly bound to the tissue. This endo-enzyme could oxidize catechols or tea tannin directly. Despite a faithful adherence to Sreerangachar's methods it was found impossible to confirm these results at Tocklai, so long as the working up of the enzyme was carried out at our normal room temperatures. Peroxidase activity only could be detected in the final preparation. In the following section it will be shown how differences in laboratory temperatures were probably accountable for these contradictory findings.
The reconciliation of results from Ceylon and Assam provided fresh evidence against the ascorbic acid theory.
FERMENTATION OF TEA
Effect of temperature during preparation on the activity of tea oxidase systems A part of the evidence on which the ascorbic acid oxidase theory was founded was the relative instability of the enzyme responsible for the first stage of the fermentation process. Washing with alcohol or acetone, at 300, was sufficient to destroy this enzyme completely.
The Tea Research Institute ofCeylon is in the hills and laboratorytemperatures are considerably lower than they are at Tocklai. A possible explanation of the differences in opinion held by the biochemists of the two Institutes might be found in this difference in temperature. To test this, enzyme preparations from tea leaf were undertaken at normal room temperature (30-35°), and with refrigeration.
A fine mince of tea leaf was divided into two portions. One was ground with alcohol, at room temperature, and subsequently washed with successive small quantities of alcohol until the tissue was free from chlorophyll. The other portion was treated with alcohol in the same way, but during the whole process the system was cooled in ice-salt mixtures. After completion of washing, the tissue residues were dried in vacuo over H2SO4. The residue amounted to about 10 % of the original fresh weight of the tissue. 20 mg. portions of these tissue residues were suspended in 3 ml. of a green tea leaf infusion (20 g. leaf/250 ml. water) and 02 uptakes recorded over a period of 3 hr. The results obtained are shown in Table 2 ; the uptakes recorded are the means of quadruplicates. The tissue residue, after washing with alcohol at 50, retained about 35 % of the original enzymic activity of the green leaf. Washing with alcohol at room temperature, however, led to a much greater percentage inactivation of direct oxidase activity.
In the particular case just quoted, treatment with alcohol, at Tocklai room temperature, yielded a final product with about 7 % ofits original oxidase activity. This is a lower degree of inactivation than is usually observed, and in some cases complete inactivation follows the alcohol treatment.
The above results provide conclusive proof that an oxidase system occurs in tea leaf which is readily inactivated by alcohol at temperatures of about 300. It also explains our failure at Tocklai to confirm the findings of the Ceylon workers, as such inactivations will take place far more readily under our laboratory conditions, than they would at the Ceylon Tea Research Institute.
On the other hand, catechol oxidase is not likely to be inactivated under these relatively mild conditions, and it becomes necessary to consider what other oxidases may be present in tea leaf which can initiate the fermentation process.
The evidence for the presence of cytochrome oxidase in tea leaf Four respiratory oxidases active in plant tissues have been described. Ascorbic acid and catechol oxidases have already been discussed and the possibility of their participation in tea fermentation has been rejected. There remain dihydroxymaleic acid oxidasel [Banga & Szent-Gyorgyi, 1938] , and cytochrome oxidase to be considered. The importance of the former as an aerobic oxidase cannot be assessed, and it would seem more likely that its function would lie in the metabolism of the C4-dicarboxylic acids. The cytochrome system has recently been shown by Hill & Bhagvat [1939] to be present in green plants and its possible role in tea fermentation must be considered. As indophenol oxidase, this enzyme had been previously reported in some plant tissues [v. Euler, 1934] .
It may be stated at the outset, that the assumption that the cytochrome system is concerned in tea fermentation enables us to account for all the experimental results obtained, both at Tocklai, and in Ceylon. A preliminary note to this effect has already appeared [Lamb & Roberts, 1939] .
Cytochrome oxidase has long been known to be destroyed by alcohol and acetone. Battelli & Stern [1912] first demonstrated the destruction by alcoholand acetone of this enzyme, then known as phenylenediamine-oxydone and later as indophenol oxidase. The difficulty of getting the enzyme into solution has also long been recognized; it is very strongly bound to the cell structure. It is somewhat easier to obtain this enzyme in solution from plant tissues than from animal tissues but the affinity for the tissue is still high. Battelli & Stern also found that enzymic activity in 02 was about three times that in air. This increase in rate of 02 uptake with 02 tension is not observed when the tissue is in a very fine state of division according to Hamburger & Szent-Gyorgyi [1925] .
These characteristic properties of cytochrome oxidase are all shown by the tea leaf oxidase. The inactivation of the enzyme by alcohol has already been discussed, and Sreerangachar's results show how firmly the enzyme is attached to the tissue. Catechol oxidase on the other hand goes fairly readily into solution.
The rate of 02 uptake by fermenting tea leaf is markedly accelerated by an increase in the oxygen tension. Table 3 shows the 02 uptakes in ,ul. by 100 mg. of 'fermenting tea leaf in air and oxygen, as recorded in one experiment. This experiment has been repeated many times and on each occasion the initial rate of 02 uptake was two to three times as great in 02 as it was in air. This was for finely minced leaf; with expressed tea leaf juice 02 causes no significant acceleration in the rate of uptake as shown in Table 4 . [Swedin & Theoreil (1940) ].
that in the case of laccase (now considered to be closely related to catechol oxidase) 02 in any concentration exceeding 21 % had no influence on the rate of oxidation of substrates.
The enzyme preparations obtained from tea leaf by Lamb and the author would contain any cytochrome that was present in the leaf. Such enzyme preparations would therefore be expected to show very little specificity in regard to the substances whose oxidations they catalyse. Keilin & Hartree [1938] have shown that while cytochrome oxidase is markedly specific, the system oxidase + cytochrome-c +02 may oxidize catechol, quinol, p-phenylenediamine, ascorbic acid etc. The oxidized cytochrome is a powerful oxidizing agent, and acts upon any of the above substances without the assistance of an enzyme. Lamb's observations [1937] on the oxidation of catechol and tea tannin, which have recently been confirmed in this laboratory, and our own findings, that ascorbic acid and p-phenylenediamine are oxidized by fermenting tea leaf, may now be reconciled. It is now agreed that the probable cause of these oxidations is the cytochrome system [Lamb & Roberts, 1939] .
The evidence which supports the theory that cytochrome oxidase is the enzyme responsible for the primary stage of fermentation is largely summarized below. While the agreement between the properties of the tea oxidase and cytochrome oxidase is complete, we cannot say that this close parallelism proves that cytochrome oxidase is present. The possibility must be considered, that some respiratory enzyme is concerned, whose properties are very similar to those of cytochrome oxidase, but whose existence has not yet been recognized. Unfortunately, present conditions make it impossible to procure the necessary chemicals or apparatus to prove this point. Meanwhile, it will be assumed that cytochrome oxidase is present, as the experimental evidence is very strongly in favour of this view. DIscussIoN The proof that ascorbic acid reduces the primary oxidation product of tea tannin enables one to explain the recent observations of Mituda [1938] , that green tea contains more vitamin C than does black tea. One would expect the whole of the ascorbic acid to be oxidized during the course of fermentation, leaving black tea free from this vitamin.
The finding that cytochrome oxidase activity in plants may be destroyed by grinding with alcohol has an important bearing on Onslow's [1921] classification of plant tissues. It is suggested, that a re-examination of plant tissues by the methods used in the case of the tea leaf, might lead to a more rigorous classification in terms of the respiratory enzyme contained in the tissue.-In cases where oxidase activity was found by Onslow's methods, it is probable that catechol oxidase is concerned in the respiration. Where, however, peroxidase activity was reported, and oxidase activity was weak or absent, it seems likely that we are dealing with tissues in which cytochrome oxidase is the respiratory enzyme.
Apart from the substitution of cytochrome-c for ascorbic acid as the oxygencarrier, it is not necessary to revise our ideas of the mechanism of tea fermentation very markedly. The following reaction scheme seems likely:
(2) Tea tannin +FeIII-haematin ------o-quinone +Fe"l-haematin. Any dispersion of coenzymes would slow down reactions (5) and (6) by mass action effects.2 Further, dispersion of the phosphate-carrying coenzymes would probably affect reaction (7) by decreasing the rate of formation of the triosephosphates undergoing dehydrogenation. The combined effect of such coenzyme dispersions would be to increase the average mean life of the o-quinone molecule. If the o-quinone of tea tannin is not immediately reduced, it will undergo condensations, so that the assumption of coenzyme dispersion, following damage to the tissue, affords an explanation of the changes in tea tannin following damage to the leaf. Further evidence in favour of the coenzyme dispersion theory is presented in the following communication.
SUMMARY
The oxidation of ascorbic acid by fermenting tea leaf is brought about by the primary oxidation product of tea tannin. Ascorbic acid oxidase is therefore not responsible for the first stage in the fermentation process.
The properties of the oxidase in tea leaf are compared with those of ascorbic acid, catechol and cytochrome oxidases, and complete agreement with those of cytochrome oxidase is found.
It is suggested that Onslow's classification of plants be revised, and that peroxidase plants should prove likely to contain the cytochrome oxidase system.
A revised scheme for the fermentation process is proposed based on the above findings.
THE EFFECT OF DILUTION ON THE RATE AND EXTENT OF OXIDATIONS IN FERMENTING TEA LEAF SUSPENSIONS
It has been suggested by the author [Roberts, 1939, 2] , that the underlying cause of the irreversible oxidation and condensation of phenolic substances in plant tissues, which have suffered some form of damage, is the dispersion of coenzymes throughout the tissue. In the absence of supplies of coenzymes, which would enable this hypothesis to be tested directly, other methods of confirmation have been sought.
If one effect of rolling or mincing tea leaf is a dispersion of coenzymes, resulting in an effective dilution of these substances, suspension of finely minced tissue in water should still further dilute the coenzymes, and cause a further decrease in the rate of carbohydrate oxidation. Results have already been published [Roberts, 1939, 2] which support this conclusion. Carbohydrate oxidation was shown to be more extensive at lower dilutions of tissue, as the development of CO2 was significantly greater for a suspension of 200 mg. tea leaf tissue in 3 ml. of water than for a suspension of 100 mg. in the same volume. In addition to a relatively lower rate of carbohydrate oxidation at high dilutions, the rate of 02 uptake per unit weight of tissue is observed to be greater than when larger amounts of tissue are employed. In view of the possibility of obtaining confirmatory evidence for the coenzyme dispersion hypothesis of tea fermentation, and of the intrinsic interest of these observations, experiments have been carried out on a much wider scale.
To obtain results of any accuracy for CO2 development during fermentation, it is necessary to take the mean of at least four determinations of 02 uptake with and without KOH. This requires the use of eight Warburg vessels for each CO2 determination. Obviously this method is not well adapted for a series of such determinations when using different dilutions of tea leaf tissue, as at least 40 vessels would be required simultaneously. Replication in time, although possible, is not considered desirable.
If the period of shaking be prolonged to 2i hr., oxidation comes practically to a standstill. Since tea tannin takes up 1 atom of 02 per molecule, it may be assumed that any excess uptake is due mainly to carbohydrate oxidation. Variations in the extent of carbohydrate oxidation will be associated with variations in the total 02 uptake, as the amount of 02 consumed in tannin oxidation will be a constant, independent of the dilution of the tissue, so (Fig. 2) that, at the highest dilutions, values for log -Qo do not lie on-this straight line. The straight line has the general formula log (-Qo) = b -a log (concn. tissue).
The mean value for "a" from twelve different experiments is 0-41 with a standard error of 0.01 only. These twelve different experiments included cases of good and bad fermenting .varieties of tea leaf (associated with high and low cytochrome oxidase contents), fresh leaf and withered leaf, and leaf of varying degrees of coarseness of plucking. The constant " b " gives the cytochrome oxidase activity where the tissue concentration is 1 mg. dry weight per ml., assuming no diminution in enzymic activity at these high dilutions.
The constancy of " a " enables us to compare the cytochrome oxidase contents of two samples of leaf by manometric determinations of the rate of uptake so long as the concentrations of the two samples are the same. It is convenient to have some standard concentration for -Q02 determinations, and the one adopted is of 15 mg. dry weight per ml. of water. This corresponds to about 200 mg. fresh green leaf suspended in 3 ml. water; the exact quantity will vary with the moisture content of the leaf. Values for -Qo2in future will be given for this standard concentration unless otherwise stated.
The marked decrease in the rate of 02 uptake with concentration enables us to explain the relatively slow rate of fermentation under factory conditions. Here the rolled leaf is spread at a thickness of about an inch on the fermenting room floor. Including the time spent in the rollers, the leaf requires about 3 hr. for fermentation, whereas in the Warburg vessel a similar extent of oxidation takes place in 1 hr. Relation between total uptake and ti88ue concentration As has already been shown in Table 1 , the total 02 uptake per unit amount of tissue, when oxidation has come nearly to a standstill, increases with the con-2-Z40 ".5 (Fig. 3) . Knowing the amount of 02 utilized in tannin oxidation, the CO2 outputs can be calculated and a similar straight line relationship is found between log (CO2 output) and the log of the tissue concentration (Fig. 4) . The greater degree of oxidation of carbohydrates at higher tissue concentrations is evident if we accept the view that CO2 originates largely in carbohydrate breakdown.
By extrapolating both the above curves to points corresponding to green leaf, approximate values may be obtained for total 02 consumption and total C02 evolution for leaf undergoing fermentation under factory conditions. The total 02 requirement under normal factory conditions is thus found to be about 20-25% higher than that found in the Warburg vessel under standard conditions. Further, the R.Q. is found by calculation to be 0 50-{)55 for normal fermentation, against the values of 0 35-0{40 that were determined manometrically.
INTERPRETATION OF RESuLTS

Diffusion factors
It may be stated at the outset that the variations in the rate of uptake are not due to various diffusion effects such as those studied by Dixon & Elliott [1930] , as uptakes are not affected by the rate of shaking. This interpretation of the above results is also excluded by experiments with tea leaf juice. Juice may readily be expressed from coarsely minced tea leaf and this juice undergoes a similar fermentation to that of bruised leaf. Oxygen is consumed, some CO2 is produced, and tannins are oxidized. The rate of 02 uptake is affected very much by the dilution' as is shown in Table 2 . The initial rate of 02 uptake with 1 ml. of juice is only two or three times as great as that recorded with 0.1 ml. juice, despite a tenfold increase in enzymic concentration. As with tissue minces, the rate of reaction per unit quantity of enzyme decreases as the concentration of the enzyme increases. Plotting logs of the initial rate per ml. juice against logs of the concentration of the juice we obtain a straight line (Fig. 5 ) similar to that obtained in the case of fine minces of tea leaf.
The same effect therefore is obtained with both a fine mince and a cell-free extract such as tea leaf juice. Diffusion effects, where the permeability of the the tissue is a limiting factor, therefore, can be excluded.
Sub8trate concentration According to the classical views of Michaelis and others, substrate concentration has two important effects on the rate of an enzymic reaction. In suboptimal concentration the reaction rate may be lowered, owing to incomplete saturation of the enzyme surface by the substrate. On the other hand, considerable excess of substrate may cause inhibition of activity, and this is especially likely with a substrate such as tea tannin.
In the normal range of concentrations used in these experiments neither of these factors operates. It has already been shown that the initial rate of reaction is unaffected by the addition of a green leaf infusion, or of a fresh tea tannin preparation [Roberts, 1939, 2] , and later work has confirmed this observation at several concentrations. As fresh tea tannin causes neither acceleration nor retardation of the process, neither of the above substrate concentration effects can be responsible for the variation in the rate with tissue concentration.
Simple oxida8e-8ubstrate 8ystem8 If we assume the dilution effects, under consideration in this communication, to be due to variations in the degree of dispersion of the coenzymes required for carbohydrate breakdown, no such effects should be noticeable when dealing with a -simple oxidation of tea tannin by the cytochrome system.
An enzyme preparation was obtained by precipitating the expressed juice of withered tea leaf with alcohol at ca. 5°. Suspensions of this preparation in phosphate buffer were incubated with aqueous solutions of tea tannin [Harrison & Roberts, 1939] in Warburg vessels, and the rate of oxidation followed manometrically. Concentration was found still to have some effect on the rate of reaction, but this was found to be due to the inactivating effect of the substrate in high concentrations. The enzyme, after partial purification, is much more susceptible to tea tannin. A similar observation with respect to peroxidase has previously been made [Roberts & Sarma, 1938 Uptakes were measured over a period of 2 hr. as recorded in Table 3 . At the three lower concentrations of enzyme and substrate, variation in concentration has no significant effect on the rate of reaction. At the highest concentration however the substrate concentration seems to have some inhibiting effect. Otherwise, this experiment shows quite clearly that where variations in coenzyme concentration can have no effect on the rate of reaction, enzyme concentration can vary between certain limits without affecting the rate of reaction per unit quantity of enzyme.
The total uptakes show that 2*0 atoms of oxygen are consumed in the oxidation ofeach pyrogallol molecule. No purpurogallin is formed. On the other hand, it was shown by Harrison & Roberts that, when pyrogallol was added to fermenting tea leaf, only 1 atom of oxygen was used up in the oxidation of each molecule of pyrogallol. To account for this difference, it is suggested that the primary product of pyrogallol oxidation can enter into combination with other constituents of the fermenting tea leaf.
With catechol oxidase, pyrogallol oxidation is accompanied by an uptake of 3 atoms of oxygen and the separation of the product, purpurogallin, in crystalline form [Willstatter & Heiss, 1923] . This represents a furtherdistinction between the. tea oxidase and catechol oxidase. Biochem. 1940, 34 33.
DISCuSSION
Coenzyme dispersion on rolling The above evidence, on the whole, supports the coenzyme dispersion theory. Diffusion and substrate concentration factors have been excluded and, where coenzyme dilution can have no effect, the phenomenon under discussion is no longer observed. Variations in the extent of carbohydrate oxidation are predictable in terms of coenzyme dispersion at varying dilutions.
Direct proof of the role of coenzymes in tea fermentation is difficult under the present circumstances, and this indirect evidence in favour of the theory is consequently very welcome.
The literature on the effect of damage on tissue respiration is steadily growing but four main effects seem distinguishable.
(1) Damage to tissues may result in an intermingling of coenzymes and enzymes, such as phosphatases and nucleotidases, capable of bringing about the breakdown of coenzymes. In this case, coenzyme activity would become progressively smaller throughout the course of tea fermentation. As the ratio of carbohydrate oxidation to total oxidation remains constant throughout the whole process, this mechanism cannot be operative in tea fermentation.
(2) Geiger [1939] showed that cytolysis destroyed both glycolytic activity and respiratory power in brain tissue. This he showed to be due to the liberation of an inhibitor which was enzymic in nature. The factor destroyed by this inhibitor, however, was not one of the coenzymes.. This phenomenon must be distinct from that observed in fermenting tea leaf, as with suspensions of fermenting brain pulp, carbohydrate breakdown is accelerated by dilution, and not retarded.
(3) According to Yudkin [1937] , the lysis of M. lysodeikticun by egg-white lysozyme destroys dehydrogenase activity. The enzymic activity is probably dependent upon the intactness of the bacterial cell-wall, for its activity is not restored by addition of coenzymes.
(4) In the opinion of the author, damage to cellular material may result in some dispersion of coenzymes, and hence to a reduction in their effective concentration.
In the case of the tea leaf it is considered that the effect of rolling on the leaf is a disorganization of the contents of the cell. There is no actual visible rupture of the cell-wall, but the effect of rolling may well be on the complex proteinlipoid interphase between protoplasm and vacuole. A comparison of the reactions taking place in fermentation under factory conditions, and in suspensions of 10-15 mg. minced tea leaf tissue (dry wt.) per ml., enables some explanation of these results to be made.
It was shown by Roberts & Sarma [1938] that excess catalase inhibited fermentation. These observations were carried out on coarsely minced tea leaf mixed with just sufficient water to allow easy access of the catalase preparation to the fermenting leaf. It must be concluded from this observation that under such conditions oxidized cytochrome does not oxidize tea tannin to any extent, and that the bulk of the oxidation must take place by peroxidase and H202. We may therefore write down the essential reactions which follow cytochrome oxiidation as follows: In dilute suspensions of finely minced tea leaf, it has been shown that catalase has no significant effect on the rate of 02 uptake (-Qo2 in both cases 20-0 + 0 3). It may be concluded that, in such suspensions, the dilution of H202 is such that peroxidase activity is considerably diminished. Further, carbohydrate oxidation proceeds only so long as any tea tannin remains unoxidized [Roberts, 1939, 2] . At these dilutions the pyridine nucleotide coenzymes are possibly dispersed too much to be oxidized, to any great extent, by the oxidized cytochrome. The o-quinone of tea tannin will, in this case, act almost exclusively as the 02 carrier required to oxidize the coenzymes. The essential reactions in dilute, minced tea leaf suspensions may therefore be written:
(1) FeIII-haematin+tea tannin -----FeII-haematin +o-quinone.
(2) o-Quinone + Coil2 ------+ tea tannin + Co.
In these two distinctly different reaction mechanisms the proportions of the cytochrome in the reduced form will almost certainly be different. This proportion unfortunately cannot be worked out without a knowledge of the equilibrium constants, Michaelis constants and other such data pertaining to the various reactions. No sudden change over from one mechanism to another on dilution is visualized, but it seems that as the dilution proceeds the latter mechanism will gradually preponderate. Each particular dilution is therefore ikely to be associated with a characteristic value for [Fel-haematin] and hence with a particular value for -Qo2. Whether this ratio, and -Qo2, should increase or decrease with dilution cannot be predicted from the data at our disposal. Further work on this aspect of the subject is therefore desirable, but cannot be undertaken at Tocklai for the present.
SUMMARY
With suspensions of fermenting tea leaf in water, it is found that, at higher dilutions, the rate of 02 uptake increases, while the rate of carbohydrate oxidation decreases. These observations are considered in terms of the coenzyme dispersion, theory of fermentation.
The various effects of damage on cellular respiration are considered, and that of coenzyme-dispersion shown to be the one which best explains the phenomena of tea fermentation. 
